Nowadays, effective management of water withdraw, water consumption and wastewater discharge is desired for nuclear power plants in inland China. In this paper, the inland nuclear power industry and its policies in China were reviewed, a two-step water-management (TSWM) approach for the plants was proposed. The framework includes the flow process, main tasks, and tools of TSWM management for any nuclear power plant in inland China. Finally, suggestions on future development of the management were also put forward.
Introduction
Due to economic development and population growth, energy demands are increasing greatly in many countries across the world. At the same time, various energy activities based on fossil fuels lead to the emission of a tremendous amount of greenhouse gases (GHG), which is considered as the primary contributor to climate change (Barrie, 2011; Wang and Sun, 2012) . To deal with reliable energy supply and GHG emission mitigation, governments around the world have implemented a series of energy-related strategic policies of which new energy (particularly nuclear power) exploitation is probably the most direct and effective one (Sovacool, 2008; Jasmina et al., 2012) . As for nuclear power utilization, inland nuclear power plants (NPPs) have been developed in 14 countries including the USA (Bezdek, 2009) , France (Kopytko and Perkins, 2011) , Canada (Lane et al., 2013) due to limited ideal coastal sites. Moreover, NPPs are also planned to be constructed in several developing countries including China (Ma et al., 2010) . However, fresh water consumption (Khamis and Kavvadias, 2012) and radioactive wastewater discharge (Nuclear Energy Institute, 2009 ) of inland NPPs are major issues which have attracted high attention, particularly under accident conditions (International Atomic Energy Agency (IAEA), 2011). For example, huge water consumption is becoming the most important factor to decide on the survival of inland NPPs in China (Zai, 2012) . More importantly, surface water is the main source of drinking water in many countries (Zhang et al., 2011) . So management of water withdraw, water consumption and wastewater discharge for inland NPPs based on its quantitative assessment are crucial to not only water resources utilization and conservation but also sustainable development of inland nuclear power industry.
Researches on water resources management for inland NPPs have been carried out by several countries such as the USA, France, Canada and China. As for water withdraw, it was proposed that the amount of an inland NPP adopting AP1000 (Advanced Passive Pressurized Water Reactor 1000) technology was between 0.96 and 1.27 m 3 /s·GW (United States Nuclear
Regulatory Commission (USNRC), 2009; Changjiang Water Resources Commission (CJWRC), Wuhan University, 2009a; Wuhan University, 2009b) . In the USA, USNRC (1984) required that an assessment of the impact on the flow of the river, instream and riparian ecological communities must be carried out if an inland NPP withdrew make-up water from a river whose annual flow rate was less than 9×10 10 m 3 /y. With respect to water consumption, Khamis and Kavvadias (2012) presented that inland NPP generally consumed 20 to 83% more of water comparing with that based on coal and at the same capacity. The amount for an inland plant was regarded as approximately 35 to 65 million litres per day depending on the types of reactors (Khamis and Kavvadias, 2012 In the mean time, wastewater discharge control in successive dry seasons and water conservation in the emergency condition were also improved by countries (Nuclear Safety Authority of France, 2006) and international agencies (IAEA, 1986a; 1986b; 1994) . However, such water resources assessment of NPPs were mainly based on a one-step approach such as environmental impact assessment (EIA) (Department of Justice Canada, 2012) or radioactive effluent release assessment (USNRC, 2011b) which emphasized on wastewater discharge control but ignored water withdraw and consumption. In fact, for countries with huge population and various water users, more effective approaches are desired considering their serious conflicts between water supply and demand. Such approaches should be able to tackle these water conflicts through decomposing various impact factors into detailed issues that are of practical implications. However, there have no published reports on it. Therefore, in this research, a two-step watermanagement (TSWM) approach will be proposed to address the issues of water conflicts, where various impact factors will be decomposed into phases of EIA and water resources assessment (WRA). The EIA will be useful for assessing the possible impacts that inland nuclear power plants may have on the environmental (soil, land use, water quality, air quality, noise environment, etc) biological, social and economic aspects. Moreover, the WRA will help to obtain reasonable and feasible water-related schemes for inland NPPs. The EIA will be the basic step in which water resources is considered through assessing the impacts of wastewater discharging on local water quality. Subsequently, the WRA will be advanced as a secondary assessment procedure which focuses on water resources exclusive, and more important, WRA includes whole water-related processes (i.e. water withdraw, water consumption and wastewater discharge) and concerns both water quality and water quantity. Therefore, as an extension of the previous efforts on water resources management, a management framework of the TSWM approach for NPPs in inland China is to be proposed. Rationalities of water withdraw, water consumption and wastewater discharge of NPPs, as well as the associated impacts are to be evaluated. The major procedure, tasks and approaches are to be discussed, as well as the completing requirements of TSWM reports for China's inland NPPs. As a result, a series of suggestions for advancing water resources management for nuclear power plant in inland China will be presented. This research is also expected to provide a reference for countries such as India, Pakistan who are operating or planning to construct inland NPPs and with problems of population explosion and water shortage.
The Development of Inland Nuclear Power Industry in China
According to the Medium and L ong-term D evelopment Plan of N uclear P ower ( 2005 t o 2020) term D evelopment P lan of N uclear P ower (2005 to 2020) should be modified and the proportion of nuclear power to the installed total capacity would have been over 5% by 2020 (Wang, 2009) . In December 2009, the Second National Energy Conference was held in which nuclear power industries in inland China were proposed to be booming in the next 5 to 20 years. Nuclear energy development in inland areas of the country was shifted from active to aggressive states (Zhou and Zhang, 2010) . Up to June 2010, preliminary feasibility reports of the 31 NPPs in inland China had been approved (Dai and Yi, 2010 ; Table 1 and Figure 1 ). In January 2011, China Energy Conference was held in which the three pioneering NPPs were suggested to be constructed during the period of "the 12 th Five-Year" (i.e. 2011 to 2015 . At the same time, many other inland provinces have already carried out preliminary works of nuclear industry development, such as Anhui, Jilin, and Henan provinces (Yan et al., 2011 Council, 2011) , indicating that China attaches great importance to security and stability of its nuclear industry. Especially for any NPPs in inland China, considering that the AP1000 is a new technology without operating practice, security is considered as the most important factor. By the end of 2011, earthworks of the three pioneering NPPs in inland China had been completed. Site analysis of NPPs had been carried out in more than 10 provinces in China (Zhang et al., 2011) . In 2012 R eport on t he Government's W ork (Wen, 2012) N uclear P ower (2010 t o 2020) , and decided to resume the construction of NPPs (Zhong, 2012) .
Complexities of Water Resources Assessment Related to Inland Nuclear Plants
Inland NPPs, a whole new kind of power plant in China, the construction of which hasn't been approved up to the present considering the complexities of their waterrelated issues. The most important concerns are huge water consumption and low-level radioactive wastewater discharge under normal working conditions. Other major considerations are large quantities of water needed for cooling and middle even high-level radioactive wastewater discharge under accident conditions. Besides the characteristics of water withdraw, consumption and discharge of inland NPPs, national conditions and water resources conditions of China exacerbate the complexities of water-related issues of inland NPPs. Firstly, China, with the largest population in the world, has a considerable conflict between water supply and demand. Especially for the site areas of inland NPPs, there are intensive municipal, industrial, agricultural intakes in site watershed, which makes the assessment of water withdraw and consumption critical. Some of the watersheds almost have reached the limits of water resources development and utilization (Zhou, 2009 ). However, the operation of a NPP really consumes large amount water for cooling. Therefore, huge water consumption becomes a crucial factor to decide on the survival of inland NPPs in China (Zai, 2012) . Secondly, for more convenient water withdraw and wastewater discharge, sites of inland NPPs are likely to be close to inland water bodies. Different levels of radioactive wastewater under normal working conditions and accident ones would be discharged into the nearby rivers, lakes and reservoirs. More important, different from other countries who have developed inland nuclear power industry (e.g. France), China, with high degree correlation of river networks, takes surface water as the predominant drinking water source, especially for inland NPP site areas where surface water is abundant and closely related to inland NPPs. A balanced solution is called for to resolve the conflict between radioactive wastewater discharge and the conservation of drinking water source considering that there are many drinking water sources in site watersheds and their downstream. Therefore, not only water quality but also water quantity of discharged wastewater should be assessed and a series of drainage schemes under different conditions should be proposed subsequently. Thirdly, even though the probability of a nuclear accident is as low as 10 -5 /unit·year (USNRC, 1990) , the supply of huge accident handling water and the impacts of radioactive wastewater discharge on receiving water bodies must be careful deliberated. The amounts of accident handling water and the methods of water supply for possible nuclear accidents should be fully considered. Furthermore, the effects of middle even high-level radioactive wastewater discharge under accident conditions on site watersheds, especially for local and downstream drinking water sources, should be assessed quantitatively.
Nowadays, China's each construction project is required to carry out EIA which merely focuses on wastewater discharge control as far as water resources is concerned. However, it is insufficient for inland NPPs considering the complexities of water-related issues for nuclear power plant in inland China. In addition, AP1000 adopted by NPPs in inland China is a totally new technology without any operating practice in the world. Therefore, a two-step approach is demanded to address these complexities. In other words, WRA needs to be conducted following EIA to assess the whole water water-related processes of inland NPPs and to propose the feasible schemes. According to current nuclear power policies, the three pioneering NPPs may be constructed during the period of the 13 th Five-Year (i.e., the years from 2016 to 2020). Considering that WRA approval is a legal process before the construction of any NPPs, WRA management system for it should be constructed initially before the beginning of the 13 th Five-Year. Therefore, WRA of inland NPPs is an innovative but urgent work in China. In the following, the article tentatively put forward a management framework of TSWM for NPPs in inland China in order to promote the establishment of the system.
Development of Two-step Water-management Approach for Nuclear Power Plants
A management framework of the TSWM approach for NPPs in inland China is to be proposed. The first step is EIA, which has been developed for NPPs in China. The further step is WRA, which is required by Management Approaches of Water-draw and Utilization Assessment of Construction Projects and Guidelines of Water-draw and U tilization A ssessment for C onstruction P rojects (Trial) but is still in the stage of management framework construction. Therefore, the major procedure, tasks and approaches are to be presented and discussed. Furthermore, the completing requirements of assessment reports for China's inland NPPs are also to be proposed.
Flow process of two-step water management
The flow process of TSWM for NPPs in inland China should include: (a) initially, implementing EIA management for a inland NPP, (b) secondly, carrying out WRA with the beginning of the construction unit entrusting a qualified agency, (c) the qualified agency drafting an outline of the WRA report completion, (d) the related watershed authority approving the outline and providing necessary comments, (e) the qualified agency carrying out the assessment and completing report based on the outline and comments, (f) the construction unit submitting a application to the watershed authority with the required documents, (g) the watershed authority approving the report preliminarily, providing basic comments, and submitting the documents to Ministry of Water Resources of the PRC (MWRPRC) for administrative approval, (h) MWRPRC reviewing the application documents and making a decision for acceptance or rejection, (i) MWRPRC organizing site survey and holding a hearing in the site if the application is accepted, (j) review committee reviewing the report and providing suggestions and comments, (k) MWRPRC making the decision according to review comments of the committee, records of site survey and hearing, and suggestions of local water resources management departments, (l) MWRPRC issuing an approval letter or the reasons for rejecting the water-related schemes proposed in the WRA report to the construction unit who may legally apply for re-approval, and (m) the water resources management departments supervising design, construction and operation of the inland NPPs according to the WRA report and the approval documents if the issued file is an approval one. Figure 2 shows the flow process chart of TSWM for NPPs in inland China.
Main tasks of two-step water management
The main tasks of TSYM for NPPs in inland China should mainly consist of the following five tasks: i）Carrying out EIA management for a NPP in inland China One of the main tasks of TSWM is carrying out EIA management in the stage of feasibility study.
According to the Environmental Impact Assessment Law of the People's Republic of China (the President of the People's Republic of China, 2003) , the construction unit of an inland NPP shall entrust a qualified agency with the task of EIA. Then the qualified agency should develop the assessment and compile the EIA report. As for water resources, the EIA report of an inland NPP mainly addresses the radioactive concentration of receiving water body and its mitigation measures. Furthermore, public participation is to be conducted by the methods of holding hearings, holding colloquia and so on to ask for the public opinions. Finally, the MEPPRC shall make an administrative decision based on the EIA report and public opinions.
The first step of TSWM (i.e. EIA management) for NPPs in inland China is conducted in accordance with the Environmental I mpact Assessment L aw of t he People's Republic of China and has been performed in China. However, the second step of TSWM (i.e. WRA management) for NPPs in inland China is still in the initial and exploration period. Therefore, main tasks of it are proposed specifically as following.
ii) Stating the requirements for completing the WRA report According to Management A pproaches of W ater resources assessment of C onstruction P rojects and Management A pproaches of W ater r esources assessment Qualification of C onstruction Projects (MWRPRC, NDRCPRC, 2002b) , the qualified agency shall carry out the WRA report completion according to the related requirements and regulations. Considering its particular water-related characteristics, proposing special requirements and regulations should be one of the major tasks of the management system of WRA for NPPs in inland China. Water resources management departments should carry out investigations and researches on the issues including current situation of inland NPPs and the water resources management in other countries, control indicators of water use of inland NPPs, low-level radioactive wastewater discharge control of inland NPPs, dilution and diffusion ability of receiving water, the impact of accidents on water resources and the countermeasures, and water resources constraints for inland NPP siting and so on. In the near future, technical standards and guidelines of WRA report completion for inland NPPs needs to be put forward. Projects (Trial) , the water resources management departments shall organize the outline and report review of a NPP. MWRPRC or the watershed authority shall identify more than seven experts from the expert database established by MWRPRC to form a review committee. Background, education, experiences and achievements should be mainly considered in expert selection. As far as current expert database established by MWRPRC is concerned, most of the experts are major in waterrelated areas such as hydrology, hydrogeology, water resources management, and water pollution control. In future, experts should understand the water-related processes of construction and operation of NPPs. Moreover, nuclear experts need to be involved in the expert database. Among the experts of a review committee, one of them should be appointed as the director to preside over the review meeting. Major duties of the director should include: (a) hosting the review meeting, (b) carrying out principal technical review of a WRA outline or a report, (c) declaring the review comment achieved by the committee, (d) signing the review comment, and (e) taking technical responsibility for the review comment. In the review meeting, committee members should express their opinions on water-related schemes proposed in an outline or a report, and give suggestions on water withdraw, water consumption, wastewater discharge, as well as water conservative measures for improving the report. The opinions and suggestions should be significant references for the following administrative approval.
iv) Carrying out administrative approval of WRA reports According to the laws and regulations mentioned above, administrative approval of a WRA report for a NPP in inland China is an official decision-making which give a government's opinion on the water-related schemes proposed in the report. The decision should be based on the requirements of state laws and regulations, the characteristics of a inland NPP, the impact on the water body (including the intake and receiving ones) and other water users, rationality and feasibility of water resources conservative and mitigation measures, the comment of the review committee, the suggestions of local water resources management departments, the opinions of other water users of local watersheds, and other related conditions. In China, watershed authorities should take the responsibilities of outline approving as well as preliminary report approving of NPPs, and then MWRPRC should approve reports and make final decisions. The emphases of administrative approval should be the rationalities, feasibilities and reliabilities of the schemes of water withdraw, water consumption, wastewater discharge, and water resources protection. MWRPRC and watershed authorities shall give approval documents within 20 days if the submitted files are well prepared. Administrative approval will ensure the legality and validity of WRA management, and promote construction units to fulfill their obligations of water resources protection actively. (Trial) , after the WRA report of a NPP is approved by MWRPRC, the construction unit can apply for water withdraw permission and intake water from the specified water body. Design, construction and operation of the power plant should be consistent with the WRA report and approval document, which should be also supervised by water resources management departments. Methods of supervising may include remote monitoring, site inspection, post-assessment and so on. . It gives specific requirements on technical levels, scopes, contents, and approaches for the two steps of TSWM. But none of them is specifically for NPPs in inland China. Different from other construction projects, NPPs in inland China involves not only huge fresh water consumption, but also the discharge of radioactive wastewater and cooling water. So legislation on WRA for NPPs in inland China is urgently needed. In the near future, water resources management departments should issue a special technical guideline in which the scope and depth of assessment, the content and focus of analysis, the indicators of rationality analysis of water withdraw and consumption, as well as the methods of impact estimation of water withdraw and wastewater discharge are specified.
ii) Field trip and site survey Field trip and site survey are helpful for decision makers and review experts to investigate the planned sites of NPPs and identify potential risks and water-related problems. By this ways, they can obtain direct and useful information about current situations of water resources in local area. At the same time, they can capture the opinions of local water resources management departments through acquiring. So field trip and site survey should be the tools to support management for NPPs in inland China. Field trip and site survey should focus on issues related to water withdraw and radioactive discharge, such as water withdraw sites, wastewater treatment facilities, locations of discharge outlets, current situation of water resources of intake and receiving water bodies, and the public's perception. Meanwhile, records, photographs, videos about the processes should be preserved. Figure 3 shows the process of field trip and site survey.
iii) Public participation Beside for industry, water is also an essential resource for residents' living. Water withdraw and consumption of a NPP in inland China would greatly impact on other water users. At the same time, discharge of wastewater threaten and may adversely affect public health. Particularly, under accident conditions, middle or highlevel radioactive wastewater may be released to vicinal water bodies and cause disastrous effects on sources of drinking water. Thus, public participation should be an important process and significant tool for TSWM management. Public's opinions need to be taken in the procedures of decision making and final approval (or rejection). In the site, holding a hearing, a legal way of public participation, should be necessary. It provides an opportunity for interested people and organizations to express their opinions, participate in WRA management, protect their interests, and provide decision support for approval authorities. iv) Decision-making Decision-making, involving report review and administrative approval, should be a crucial process of TSWM management. For the first step of TSWM, it should follow the E nvironmental I mpact A ssessment Law of t he P eople's R epublic of C hina. As for the second step of TSWM, it should include three phases. Firstly, a related watershed authority should approve the outline of a WRA report completion and the WRA report primarily. Secondly, the review committee should make a decision whether the report is qualified from the technical point of view. The review committee should work as a third-party organization to the construction unit and approval authorities, which makes the decisionmaking process scientific and democratic. Thirdly, the decision-making process of administrative approval should be organized and carried out by MWRPRC. It should follow the principle of "government-oriented" considering that it affects public's interests.
Reporting requirements of two-step water management
For TSWM approach, EIA and WRA reports are important considering that they reflect the impacts of the construction and operation of NPPs on water resources as well as their mitigation schemes. EIA report compiling should comply with the Environmental Impact A ssessment L aw of t he P eople's Republic of China and Technical G uidelines f or E nvironmental Impact A ssessment (MEPPRC, 2011) . Moreover, detailed requirements for completing a WRA report for an inland NPP project are presented as follows (Table 2) . i) General description In this part, general information related to the report needs to be described such as background information, main purposes, major tasks, assessment scope, and target years.
ii) Executive summary
In this part, basic information of the NPP needs to be briefly presented, such as: (a) name, investment source, and scale, (b) site, floor space, land use, and implemental suggestions, (c) necessary approval documents by other related authorities, (d) water withdraw schemes including possible sources of water resources, water levels of intake water bodies, quantity of intake water, quality of intake water, temperature of intake water, water withdraw location, water withdraw inlet setting, and water consumption techniques and processes, and (e) wastewater discharge schemes including the radioactive concentration of wastewater, wastewater quantity, discharge methods, and discharge location and outlet setting.
iii) Current situation of water resources in local area This part should mainly include the following six aspects: (a) basic information of physical geography and social economy of local area, (b) quantity, dynamics, and temporal-spatial distribution of water resources, (c) water quality, the relevant database, and the assessment methods, (d) current situation of water consumption, (e) major problems of water consumption, and f) attached drawings and graphs. iv) Water sources assessment This part should mainly include water quantity and quality assessment of water sources. Reasonable structure and scale of economic development should be also proposed based on current situation of water resources in local area. Water quality and the related requirements should be discussed. Also, reasonable locations of water withdraw need to be justified and determined. Surface water sources assessment should focus on reliability of water sources based on hydrological serial materials. In China, water sources of construction projects include surface water, groundwater and unconventional water. But for NPPs, groundwater and unconventional one shouldn't be involved (even as auxiliary ones) considering of huge fresh water consumption. If surface water in site area is Decision-makers and a review committee read TSWM reports
The decision-makers define the content and procedure of field trip and site survey
The decision-makers and the review committee have a spot investigation in the site
The decision-makers and the review committee collect site informations by observing, investigating, listening, questioning and discussing (the whole process is recorded)
Whether the describe of the report is reliable, the assessment is accurate, and the measures are feasible?
Yes End no
The qualified agency modifies and improves the report Fig. 3 . The process of field trip and site survey.
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v) Rationality analysis of water withdraw and consumption
In this part, impacts of water withdraw and consumption on other water users, regional water resources allocation, and even regional water consumption structure need to be assessed. The following seven aspects should be contained, including: (a) water withdraw amount and its rationality analysis, (b) water balance analysis, (c) Rationality analysis of water-draw and utilization evaluating impacts of water-draw and utilization on regional water resources allocation, other water users, and even regional water utilization structure (As for an inland NPP with 4 AP1000, water-draw amount should be no more than 1.2 m 3 /s·GW, total water use amount should be no more than 55 m 3 /s·GW, water consumption amount should be no more than 1.0 m 3 /s·GW, and reuse rate of water resources should be no less than 97.5 %.) 6 Impact analysis of wastewater discharge describing the wastewater discharge system and its components, assessing the rationality of the outlet setting, discussing the pollutants in discharged wastewater, analyzing impact of wastewater discharge on the receiving water bodies, and simulating the temporal variation of pollutant discharge and the spatial-temporal variations of pollutants (As for an inland NPP with 4 AP1000, wastewater discharge amount should be no more than 0.35 m 3 /s·GW and the flow of the receiving river should be no less than 57.1m 3 /s.) 7 Impact analysis of the project on the regional water resources and other water users analyzing the effects of water-draw and utilization on regional water resources allocation and water intake of other users, discussing the adverse impact of radioactive wastewater discharge on drinking water quality and other water users, and proposing necessary compensation measures preliminarily vi) Impact analysis of wastewater discharge In this part, the wastewater discharge system and its components shall to be described. Also, the rationality of the outlet setting needs to be assessed. The concentrations, total amounts, discharging standards, temporal and spatial variations, and compliance rates of pollutants need to be depicted. Whether wastewater discharge meets the total allowable quota and the requirements of receiving water bodies also needs to be assessed. The quantitative and cumulative impacts of wastewater discharge on water resources under normal working conditions should be analyzed. The rationalities of low-level radioactive wastewater discharge scheme (under normal working conditions) as well as medium or high-level radioactive wastewater discharge scheme (under accident conditions) shall also be demonstrated. Reasonable wastewater discharge schemes and suggestions for mitigation shall be proposed. Considering that wastewater of a NPP includes radioactive one and non-radioactive one, the former shall attract special attention and the latter may be controlled similar to that of a thermal power plant.
Particularly, impacts of medium and high-level radioactive wastewater discharge on water resources security under nuclear leakage accident conditions need to be evaluated. Take an AP1000 reactor as an example, wastewater discharge amount should be no more than 0.35 m 3 /s·GW (see table 3 ). The design source terms of tritium and other liquids are 3.74×10 13 Bq/y and 9.46×10 10 Bq/y respectively. In this part, a safety factor of 1.2 can be adopted, so those for an NPP with 4 AP1000 units are listed in table 4. China's standards for radioactive pollutant discharge of inland NPPs also are also presented in table 4. According to the discharge amounts and standard values, the minimum flow of the receiving water is deduced and the recommended one is 57.1m 3 /s (see table 4 ). In addition, for riverside NPPs, outlets should be near main-flow areas of rivers, chutedischarge mode should be adopted, and discharging effluents into floodplains should be prohibited. Besides annual discharge control, quarterly and monthly ones also need to be controlled. That's to say, the discharge amounts of per quarter and per month should be no Table 4 . Wastewater discharge indicators for a NPP with 4 AP1000 units in inland China.
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Radioactive Pollutant Value
Designed discharge amount of per unit (Bq/y) (Ontario Power Generation , vii) Impact analysis of the NPP on the regional water resources and other water users In this part, the effects of water withdraw and consumption on regional water resources allocation as well as water intake of other users need to be analyzed. The adverse impact of radioactive wastewater discharge on drinking water quality and other water users shall be evaluated in detail. Considering the large amount of water consumption of an inland NPP, necessary compensation measures shall be proposed preliminarily for people and organizations those are affected.
viii) Water conservative measures In this part, water conservative measures need to be proposed and assessed. Particularly, applicability and feasibility of the engineering measures for any emergencies shall to be presented. The construction unit and qualified agency shall follow principles of strengthening water reuse, reducing water consumption, and ensuring water security.
ix) Mitigation schemes for the adverse impact on other water users Even if necessary measures are adopted, water withdraw and wastewater discharge would still affect the interests of other water users. In the part, compensation measures need to be proposed in detail. The mitigation effects of compensation measures and the final impacts on other water users need to be quantitatively evaluated.
x) Conclusions In this part, the entire assessment work needs to be summarized and a comprehensive evaluation on the schemes of water withdraw, water consumption and wastewater discharge of the power plant needs to be presented. This would provide a scientific support for WRA administrative approval and water withdraw permission. In this part, the following key points need to be covered: (a) the attitude to construction and operation of the NPP based on current situation of water resources in local area, (b) the water allocation plans and strategies of the corresponding watershed or region, (c) the guarantee rate of water withdraw sources, (d) the total water demand of the power plant as well as the rationalities of water consumption and saving potentials, (e) the amount, pollutant concentration and discharge mode of wastewater, (f) the impact of water withdraw and wastewater discharge on other water users and its conservative measures, and (g) suggestions for WRA approval and supervision. Take the three pioneering NPPs in inland China as examples. According to the current design, they will be located in the vicinity of inland water bodies in the Yangtze River watershed. Yangtze River is the largest river in China and significant for water supply to municipal, agricultural and industrial sectors. So in the WRA reports, water sources, quantities of intake water, water use efficiencies, wastewater discharge, hydrodynamic conditions of receiving water bodies, adverse impacts on local water bodies and other water users, mitigation schemes should be the emphases.
Enhancement of Water Management for Nuclear Power Plants through TSWM
As for water management for nuclear power plants in inland China, it can be enhanced through TSWM approach by the following ways.
i) Advancing involvement time With regard to current water management for other construction projects, EIA and WRA will be carried out when the site of the project is confirmed. But it is not suitable for NPPs in inland China. Because once the site of a NPP is confirmed, a huge amount of fund and manpower will be invested and lots of water-related issues will be identified. Meanwhile, the total allowable quota of receiving water bodies, local water demands, and watershed management strategies is also confirmed. On one hand, it is difficult for assessors and water resources management departments to propose negative opinions on a confirmed site location for huge investments and manpower in preliminary phases. On the other hand, current situation of water resources may not be suitable and potential risks to water bodies should be also further identified. That is an important reason why the three pioneering plants are stagnant nowadays. Take Hunan Taohuajiang NPP for example, the total expense of the preliminary actions after siting was around 600 million dollars (Li, 2012) . Nowadays, the huge money has been spent, but the WRA management has not involved. So the inland NPP has to be suspended considering its serious influence on water resources and its probable nuclear leakage accidents (even with very extremely low probability). In future, water management for NPPs should be involved at the preliminary phases (planning and siting ones) of an inland NPP. Necessary regulations and policies need to be put forward and implemented to guarantee it. Thus, the water resources management departments can have a full understand of the NPP and give contemporaneous suggestions on the designs related to water resources, such as the siting of a plant, the distance between the plant and water bodies, the allowable pollution carrying capacity of the receiving river and so on.
ii) Strengthening the effectiveness of administrative approval The first step of TSWM is required by the Environmental I mpact Assessment Law of the P eople's Republic of C hina and administrative approval of it is legal and effective. However, administrative approval of the second step needs to be strengthened. Nowadays, local governments (including provincial, municipal and county ones) support inland NPPs strongly due to the huge stimulation of local economy. Therefore, they and construction units are not quite willing to carry out WRA considering that it may delay or reject NPPs and associated investments. Meanwhile, the authority of water resources management departments, particularly watershed authorities, is inadequate in China. So in the future, the effectiveness of administrative approval of TSWM needs to be further strengthened. Specific laws should be legislated for WRA and administrative approval of WRA should be enforced at the preliminary phases of a NPP project. In this way, if water resources condition in the local area is not appropriate for supporting the operation of an inland NPP, water resources management departments could require the construction unit to adjust the original site. iii) Improving the technical level of assessment reports Till now, there are several technical issues need to be tackled. For example, (a) how to accurately determine the minimum safe distance between an inland NPP and the nearby water bodies, (b) what are the typical transport and decay processes of radioactive substances in receiving water bodies, and (c) and what would be the cumulative effects of radioactive substances on aquatic organisms? Such questions are complicated and need to be answered on an interdisciplinary basis (e.g., hydrology, radiology, and biology).
At the same time, there is a lack of special technical guidelines and standards, which poses challenges to assessors. Especially for the second step of TSWM, it concerns several unprecedented and uncertain technical issues including those mentioned above. Therefore, MWRPRC and the related watershed authorities have supported a series of research efforts in studying the necessary standards, guidelines, and regulations. For example, research on analyzing the impacts of radioactive wastewater of NPPs on aquatic organisms has been carried out. Based on it, appropriate models and monitoring methods are expected to be proposed. In the near future, a number of technical training programs should be provided for assessors to enhance their capabilities in conducting WRA for inland NPP projects. Moreover, a series of management measures also need to be adopted. For example, water resources management departments should take reward and penalty measures, by which the superior qualified agencies will be encouraged while the inferior ones will be discarded. At the same time, technical exchange among qualified agencies needs to be carried out, which will strengthen the responsibility of assessors and improve their abilities. iv) Enhancing the ability of review committees Because inland NPPs is a kind of new projects in China, reviewers included in the existing expert databases may not be well familiar with all aspects of the construction and operation processes of inland NPPs. As for TSWM, China's environmental protection and water resources management departments should make efforts in enhancing the ability of reviewers. Especially for the second step of TSWM, it is necessary to invite nuclear experts to take part in the technical review due to the lack of experts majored in nuclear science and engineering. The cooperation between water resource professionals and nuclear ones (such as experts of National Nuclear Safety Administration of the PRC) needs be also strengthened. Moreover, further communication between review committee and public (especially water users of receive water bodies) shall be developed considering that review committees have the responsibilities to reflect the public interest effectively and incorporated it into decision-making processes. D raft) , which gives general requirements, implementing regulations and organizational forms of public participation in different phases of NPPs for the first step of TSWM. However, that of the second step of TSWM should be improved considering of its close relationship to water resources and great public concerns. For designed receiving water bodies of radioactive wastewater in inland China, almost all of the lower reaches of them are with drinking water sources. Radioactive wastewater discharge also has various adverse impacts on human health, water quality and aquatic ecosystems. In future, model prediction needs to be used to reflect the sensitivity of public concerns. Public participation is an effective way to resolve water disputes, improve the effectiveness of decision-making, and enhance the democracy of WRA management. Considering that, water resources management departments shall increase the degree of public participation in WRA through various ways. In the process of the second step of TSWM, the information of a NPP and its impacts on water resources and other water uses needs to be released in time. In the WRA reports, the forms and approaches of public participation need to be specified. With the enhancement of the transparency of WRA management, the public's misunderstanding on any NPPs will be reduced. In the foreseeable future, posting notice in local areas, releasing notification in web sites, as well as holding hearings and colloquia shall be developed. Through the above measures, the public can get necessary information conveniently. Public opinions shall be taken into account when qualified agencies complete the chapters of impact analysis of a NPP on the regional water resources and other water users.
Conclusions
Nuclear power is an important energy source to deal with climate change and energy shortage. Nowadays, a number of inland nuclear power plants (NPPs) are operated or planned to be constructed across the world. Take China for example, construction of three pioneering inland NPPs (Hunan Taohuajiang NPP, Hubei Dafan NPP, and Jiangxi Pengze NPP) may be started in a few more days. It poses great challenges to China's water resources management due to large quantity of fresh water consumption and radioactive wastewater discharge. Thus, it is desired that an effective water-management approach for such projects shall be conducted in China. A two-step watermanagement approach (TSWM), proposed in this article, presents a comprehensive and feasible management approach of water withdraw, water consumption, wastewater discharge of such kind of construction projects. In this research, the flow process of TSWM for NPPs in inland China was proposed. It should include EIA management, entrusting the work of WRA report completion, drafting an outline, a watershed authority approving the outline, report completion, the watershed authority approving the report preliminarily, site survey and hearing, review committee reviewing the report, final administrative approval, and regulating. In addition, it was put forward that main tasks of the management system should consist of carrying out EIA management for a NPP in inland China, proposing the requirements for report completion, organizing report review, carrying out administrative approval, and supervising the enforcement of approval documents. Moreover, management tools of TSWM for NPPs were also presented. It may contain constituting laws and standards, field trip and site survey, public participation, as well as decision-making. As far as the decisionmaking is concerned, "three-step process" was suggested to be taken besides EIA management. The process may contain watershed authority making a decision whether the work outline is appropriate, a review committee making a decision whether the WRA report is qualified, and MWRPRC making a decision whether the water-related schemes proposed in the report is reasonable and feasible. Furthermore, detailed requirements for completing TSWM reports for an inland NPP were also proposed. EIA report compiling should comply with the relevant laws and technical guidelines. A WRA report for an inland NPP is proposed to cover general description, executive summary and conclusions. It also shall depict current situation of water resources and water sources, analyze the rationality and feasibility of water withdraw, assess water consumption and wastewater discharge of the project, evaluate the impact of water withdraw and wastewater discharge on water environment and other water users, and propose water conservative measures and mitigation schemes for adverse impacts. As far as an inland NPP with 4 AP1000 reactors (as the three pioneering ones in China) is concerned, water withdraw and consumption amounts are recommended as no more than 1.2 m 3 /s·GW for water withdraw, no more than 55 m 3 /s·GW for total water use, no more than 1.0 m 3 /s·GW for water consumption, no less than 97.5 % for reuse rate of water resources, and no more than 0.35 m 3 /s·GW for wastewater discharge. The flow of the receiving river of an inland NPP with 4 AP1000 reactors should be no less than 57.1m 3 /s.
Suggestions for establishing the effective and feasible management for the new kind of projects were provided. TSWM should be involved at the planning and siting phases of an inland NPP. If water resources condition in the local area is not appropriate for supporting a plant operation, water resources management departments should have the right to negative the site. In the future, several researches on safe distance between a NPP and water bodies, transport and decay processes of radioactive substances in receiving water bodies, and cumulative effects of radioactive substances on aquatic organisms should be carried out. Special standards, guidelines, and regulations for the management system should be constituted. Measures such as cooperation and communication between water resources governors and nuclear ones, technical training for assessors, invite nuclear experts to take part in the technical review, as well as reward and penalty measures should be also taken. In addition, public participation needs to be strengthened by the ways of specifying its forms and approaches, releasing information in time, posting notice, releasing notification, as well as holding hearings and colloquia. It is expected that TSWM will become a powerful and effective management method to support sustainable consumption of water resources and security development of nuclear power industry.
